The control system described here is used to monitor the performance of urinary reagent-strip tests for leukocytes. The presence of leukocyteesterase in the urine is used as a marker for leukocytes in urine. The control system is based on sonicated leukocytes, isolated from whole blood. The esterase activity of this sonicate is determined by spectrophotometry with the N-tosyl-L-alanine ester of 5-phenyl-3-hydroxypyrrole as substrate. The assay result is used to determine the amount of sonicate needed to prepare buffered esterase-containing solutions. Such control solutions mimic leukocytic urines and are stable for 6 h at room temperature. The variability of the control system was tested by preparing it five times in a day on five separate days. The overall CV for Leukostixa Reagent Strips (Ames Division, Miles Laboratories, Inc.) when tested with these solutions and analyzed with a reflectance spectrophotometer was 8%; for visual readings it was 10%. The overall CV for Chemstnp' LN Reagent Strips (Biodynamics, Indianapolis, IN) was 10%.
New reagent strips have been developed that detect the presence of leukocyte esterasein urine. One recentlydescribed example of these tests is an amino acid ester substrate and a diazonium salt combined within a ifiter paper matrix (1). The amount of leukocyte esterase detected by the reagent strips may differ from what would be expectedfrom cell counts, because leukocyte lysisdepends on the varying physical properties of urine (2, 3) . Therefore, cellcounting may not be entirely sufficient as a basis for preparing control solutions containing accurate levels of esterase. There is a need for a more reproducible control system to monitor dip-stick performance. We have developed a system that has proven to be a dependable and reproducible method for making control solutions.
Our system is based on leukocyte esterase derived from sonicated granulocytes that are isolated from whole blood. In thisspectrophotometric assay a new substrate, the Ntosyl-t-alanine ester of 5-phenyl-3-hydroxypyrrole, is used to determine the esterase activity of the sonicated leukocytes. These assay results are then used to determine the amount of sonicate that must be added to solutions to give reagent-strip reactions equivalent to the positive color-block levels of the Leukostix color chart. The control solutions simulate leukocytic urines in their ability to distinguish between normal and altered Leukostix. Esterase activity of the solutions remains stable for 6 h at 23 #{176}C. The control solutions can be accurately prepared from different polymorphonuclear leukocyte isolations on a day-to-day basis to give reproducible results.
Materials and Methods
Granulocyte isolation. We pooled blood specimens collectedin heparin-treated evacuated tubes (Terunio Medical Inc., Elkton, MD) from at least three male donors. The blood was diluted 1:2.5 (by vol) and 30-mL portions were placed in 29 x 104 mm polyethylene centrifuge tubes. The blood was underlayered with 10 mL of a density-gradient medium (1077 Histopaque solution; Sigma Chemical Co., St. Louis, MO) per tube and centrifuged in a swinging-bucket centrifuge for 30 mm at 450 x g. Plasma, buffy coat, and Histopaque layers were drawn off the combined erythrocyte/ granulocyte pellet. Each tube then received 18 mL of deionized ice-cold water and the contents were mixed by inversion for 30g. An additional 18 mL of ice-cold 0.30 moLfL NaCl was added immediately, to restore isotonicity. The tubes were centrifuged (500 x g, 8 mm, 5#{176}C) and the supernate was discarded immediately. The hypotonic lysis procedure was repeated until the pellet was free of erythrocytes. The pellets were resuspended in 5 mL of ice-cold phosphate-buffered saline (cat. no. 1000-3; Sigma Chemical Co.) and combined into two test tubes. These were centrifuged (500 x g, 8 miii, 5#{176}C), the supernates were discarded, and the pellets were resuspended, combined, and adjusted to a volume of 10 mL with the ice-cold phosphate-buffered saline. A cell count was performed on a 10-fold dilution of the cell suspension in a Neubauer hemacytometer. The cell suspension was aliquoted and stored at -60 #{176}C for later use.
Sonication. A Branson W14OD somfler (Ultrasonics Inc., Plainview, NY) with a 1-cm tip was used. The cell suspensions were dilutedto 1000 granulocytes per microliter in sodium acetatebuffer(50 mmolJL, pH 4.5) containing 1.0 mol of NaC1 and 1 g of Triton X-100 surfactant per liter.
Five-milliliter volumes were somcated twice for lOs at 70% of power output, with a 1-mm interval between sonications.
Spectrophotometric assay. The sonicates, in 1-mL quartz cuvettes with a 10-mm pathlength, were assayed in a Cary ester of 5-phenyl-3-hydroxypyrrole,' in "spectral" grade acetonitrile. The ester was synthesized inhouse (P. Cory, manuscript in preparation). We initiated the reactions by adding 100 jL of sonicate. Rates were determined as the change in absorbance per minute. Each sonicate was assayed in triplicate; the results were averaged.
Preparation of control solutions. The sonicate was diluted into 50 mmol/L, pH 5.6 acetate buffer containing 2.5 mg of D&C Yellow no. 7 and 2.0 mg of FD&C Red per liter. The amount of somcate necessary to achieve each level of test solution was determined by using the equation below, which was derived to give enzyme activity concentrations that would generate a strip reaction equivalent to the color 
ter (4). This is a laboratory-built instrument
capable of scanning reagent stripsfrom 400 to 700 nm in 20-nm increments in less than 0.5 s. The instrument also converts spectral data into color-difference units (E) via equations given in CIE Recommendation 2 (5) . One E unit is approximately equivalent to the minimal perception of color change that is normally visible. E was determined between the positive levels and a negative reference level 2 mm after the strips were dipped. For visualevaluations, the solutions were randomly sorted and then read by six readers at 2 mm. Readers were instructed to compare Leukostix with the color chart 2 miii after dipping. Numerical designation units (ND) were assigned to the colorblocks and used to evaluate the solutions: negative = 10 ND, trace = 20 ND, 1+ = 30 ND, 2+ =40 ND, and 3+ =50 ND. Readers were instructed to interpolate for strip colors that they, perceivedas lying between the color blocks.
Evaluations of normal and altered reagent strips. We deliberately made altered Leukostix and tested them in sonicate test solutions and leukocyte urines. The altered strips were made from formulations with the pH decreased by 0.4 pH unit, the substrate decreased by 50%, or the diazonium salt decreased by 50%, or strips were heatstressed (exposed to 60#{176}C for 72 h). Leukocytic urunes were made by adding leukocytes isolated from blood to leukocytefree urines. For analysis we used the rapid scanning reflectance spectrophotometer. The percentage activity remaining in the damagedstripsas compared to normal Leukostix, representing 100% reactivity, was recorded for sonicate test solutionsand leukocytic urines.
Test-solution stability. The stability of the solutions was tested over 6 hat 23#{176}C. Ten milliliters of trace, 1+, and 2+ test solutions were tested with Leukostix read with the spectrophotometer. Sixteen sets of triplicates were read from the initial time out to 6 h at eachlevel. The percentage reactivity remaining at 6 h was compared with the initial reading.
Control-8olution reproducibility. 
Results
Evaluation of normal and altered reagent strips. The performance of Leukostix alteredby lowering the pH, substrate, or diazonium salt were the same in control solutions as in leukocytic urunes. The low-pH strips demonstrated 91±4% reactivity in control solutions and 93±8% in leukocytic urines. Strips with lower substrate were 80± 9% reactive in control solutions vs 88 ± 7% in leukocytic urines. The low-diazonium strips were 81 ±2% reactive in control solutions, 84±3% reactive inleukocytic urines. The heat-dfimsged strips exhibited a lower response(33 ± 9%) with control solutions than with leukocytic urines (44 ± 6%). Thesomcate solutions thus seemed to be a more sensitive indicator of the damsige caused by heat stress.
Test-solution stability. There was no significant loss in reactivity for 6 h at 23#{176}C. The ti-ace solution had 97% reactivity remaining after 6 h; the 1+ and 2+ solutions had 96% reactivity remaining.
Control-solution reproducibility. Table 1 presents statisticaldatafrom the testing of Leukostix and Chemstrip LN in the reproducibility study. The instrumental and between- Table 1 . ReproducibilIty of the Control System strip variation were included as part of the within-day data for the instrumental analysis. The between-reader and between-strip variation were included as part of the withinday variation in the visual analysis. Therefore these were includedin the overall variation. Variationfrom the different cell isolations was only8 to 10% of the overall variation. The between-day variationwas 40-57% of the overall variation in all three portions of the study. The total overall CV for all three levels with Leukostixwas 8%. The total overall CV for Chemstrip LN was 10%. The visual results with Leukostix strips gave a total overall CV of 10%. Evidently this control system accurately reproduces the activity of leukocyte esterase in control solutions, and variability is acceptably low.
DIscussion
Currently, there are no suitable control systems to monitor the performance of leukocyte reagent-strip tests. We tried some commercially available controls and enzymes that had esterase activity. The strips developed color with any solution that had esterase activity. However, altered strips performed much differently with these enzymes than with urinescontrived with leukocytes, presumably owing to the different mechanisms of and optimum conditions for the other enzymes. Because of this we considered it necessary to develop a system that incorporated the enzyme that the CLIN. CHEM. 32/7, 1402-1404 (1986) strip tests were designed to monitor, leukocyte esterase. We found that the control system performed like leukocytic urineswith altered reagent strips.
Leukostixand Chemstrip LN probably detectthe same enzyme but on a different chemical basis. The results of the reproducibility test demonstrated that the control system operates reproducibly and accurately with use of either test strip. Thus, this control procedure is a reliable method for monitoring the performance of reagent strips that detect leukocyte esterase.
